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Introduction
Bronchiolitis obliterans is an inflammatory process that primarily affects the small conducting airways (1,2). Bronchiolitis obliterans has been associated with vital infections, autoimmune diseases, and transplant rejection (3-6). Although the immunologic triggers are varied, the final common pathway is an inflammation that results in the damage and fibrosis of the bronchiolar epithelium. With excessive inflammation the process can involve adjacent alveoli, with the clinical consequence of impaired gas exchange.
The immunologic specificity ofthe bronchiolitis suggests a clinically relevant tissue microheterogeneity. Attempts to idenufj bronchiole-specific membrane molecules, however, have had limited success. The difficulty in defining bronchiolar epithelium-specific antigens may be related to the regulated expression of relevant molecules or to conservation of specific epitopes among species. Alternatively, certain relevant membrane molecules may be glycoconjugates. The potential role of glycoconjugates in tissue-specific immunologic reactions has gained support with the finding that glycoconjugates regulate a variety of immune functions (7) . Membrane glycoconjugates appear to play an important role in leukocyte transmembrane signaling ( 8 ) and in cell-cell adhesion (9,io) . 
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In the present study we examined a panel of 39 lectins for their pattem of reactivity in the peripheral airways of the sheep lung.
The size of the panel facilitated a comprehensive description of glycoconjugate localization in the peripheral airways. We identified four lectins that, when compared with adjacent alveoli, exhibited selective reactivity with the small conducting airways. These four lectins demonstrated a low molecular weight banding profile on lectin Westem blotting that was common to the four lectins but distinct from control lectins. The lectin histochemical staining and Westem blotting profides provide evidence for the selective expression of membrane glycoconjugates in the peripheral airways ofthe sheep lung. The glpcoconjugates selectively a r p d on bronchiolar epithelium may facilitate future imrestigations of tissuespecific inflammatory reactions.
Materials and Methods
Animals. Randomly bred female sheep weighing [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] kg were uscd in the present study. Sheep =re adudcd from analyscs if any gross or microscopic evidence ofpneumonitis could be detected in them. All animals were cared for in a 6ciliq accredited by the American Association for the Accreditation of Laboratory Animal Care.
Biorinybted Lacdns. kctins were obtained from commercial sources.
The following biotinylated lectins were obtained from Dako (Carpinteria. CA): Camvdtize~sz=mir (ConA) (11). Dolkbos biponrs (DBA) (12) . Hclirponrrrtia (I-PA) (U), Artompus mtegnifo/l;r U&) (14) . k n s cduarri (EA) (15) , Pbascolns vu/g.ri. erythroagglutinin (PHA-E) (16) . Pbrzrcofus vu&& leulungglutinin (PHA-L) (17) . Arucbzi bypogaca (PNA) (18) . Pi-1341 sum sativum (PSA) (19) , Glycine max (SBA) (20) , Ulex europaeus (UEA-1) (21) , and Triticum vufgarzs (WGA) (22) .
The lectins obtained from Vector Laboratories (Burlingame, CA) were as follows: Amranthus cauabtus (ACL) (23) , Bauhiniapurpurea (BPL) (24) , Datura stramonium (DSA) (25) . Euonymus eumpaeus (EEL) (26) , Galanthus nivalis (GNL) (27) , Gzffonia simplic$olia I (GSA-1) (28) , Grzffonia simplic$ol&a I1 (GSA-2) ( Isolation of Peripheral Lung Cells. The visceral pleura of the flushed lung was peeled off of the lung surface and the outer pieces of lung with a thickness of 2 cm were used to optimize the density of microvascular endothelium, while minimizing contamination with tissues of large-vessel endothelium and smooth muscle. Briefly, the lung was cut into pieces of 1 g and minced into cubes with a side of 250 pm. The cubes were pre-digested with saline containing 80 U/ml trypsin and 0.8 U/ml Pronase (Sigma; St Louis, MO) for 30 min at 37°C. The lung cubes were then processed with the following enzymes: 660 U collagenase (type CLS-1) (Worthington; Freehold, NJ), 30k U DNAse (Type I; Sigma), and 60 U elastase (Worthington) per ml balanced salt solution with 3 mM CaC12 and 3 mM MgC12 for 1 hr at 37'C on a rotary shaker. The lung specimens were filtered through a 100-pm mesh screen to remow any undigested fragments of tissue. The enzymes were quenched by the addition of culture medium with 20% fetal calf serum.
Lectin Histochemistry. Cryostat sections (5 pm) were prepared from tissue blocks perfused with OCT through the sheep airway, snap-frozen, and air-dried for approximately 12 hr. The OCT was pre-warmed to 37'C for 2 hr before airway instillation through a 50-ml syringe. These cryostat sections were prepared and stored at -80°C on microscope slides. The slides were thawed and f i e d for 10-15 min in 4'C PBS (normal saline and 10 mM phosphate) and 2 % paraformaldehyde, at pH 7.3. The slides were rinsed twice in wash buffer (0.1% RIA grade BSA, 10 mM Hepes, 150 mM NaCI, 0.1 mM MgC12. 0.1 mM CaCI, pH 7.2) on a RotoMix (Fisher; Fairlawn, NJ). Biotinylated lectins were applied at concentrations of20 pg/ml, 5 pg/ml, 2 pglml, or 1 pglml in a buffer without BSA. The slides were incubated for 1 hr at RT. The slides were rinsed twice in wash buffer for 5-10 min. Horseradish peroxidase linked to strepavidin (streptavidin-HRP; Dako) at 1:600 was applied to all the slides. The slides were incubated for another 20 min and washed for 5-10 min. The enzyme substrate DAB (3,3'diaminobenzidine; Sigma) was added to the substrate buffer (50 mM Trisbase, 1 M imidazole, 0.9% NaCI. 0.3% NaN3 pH 7.6) immediately before the addition of 30% Hz02 at a dilution of 1:lOOO. The substrate solution was added to each slide and incubated for 15 min and washed twice for 3-5 min.
Solubilization of Membrane Proteins. The sample cells were pelleted and the membranes were solubilized by the addition of 1% Triton X-100 and 0.5% deoxycholic acid in a lysis buffer containing 50 mM Tris-HCI and 150 mM NaCI, pH 8.0. The lysis buffer contained a protease inhibitor cocktail of 0.2 mM phenylmethyl sulfonyl fluoride, 1 mM EDTA, 2.5 mM iodoacetamide, and 2% aprotinin. The suspension was gently mixed and PhasfItansfer of Separated Proteins. Semi-dry electrophoretic d e r of proteins was performed after peeling the SDS-polyacrylamide gel from the polyester backing and placing the gel on an immobilizing membrane as previously described (48). The transfer generally used the Tris-glycine buffer and a current of 25 mA/gel. The transfer normally required 10-20 min. The polyvinylidene difluoride (PVDF) membrane was blocked with 4% BSA (RIA grade; Sigma) containing 0.3% Tween-20 for 1 hr at 27'c.
The PVDF matrix was washed three times with buffer containing 50 mM %is-HCI (pH 7.8), 500 mM NaCI, 0.3% Tween-20, 1 mM CaC12, and 1 mM MgC12.
Channel Westem Blotting. The detection ofthe d r r e d protein with lectin was performed using a channel blotter specially designed for use with the PhasSliansfer system (Miniblotter; Immunetics, Cambridge, MA). Biotinylated lectins at concentrations of 10-40 pglml were added to the slot and incubated for 60 min at 27°C on a rocker. The PVDF matfix was washed three times and incubated with an ABC kit (Pierce; Rockford, IL) for 10 min at 27'C on an orbital shaker. The matrix was washed three times and incubated with 10 ml of the 0.1 M %is-HC1 Bio-Rad Conjugate Substrate Kit color-developing b&r conuining the enzyme substrate, 100 p1 )-bromo-4-chloro-3-indoyl phosphate and 100 pl nitroblue rrtrazolium. After 5-15 min the developing buffer was washed three times with dHzO and evaluated.
Results

Speczj?city of Lectin Histochemistry
To localize saccharide residues expressed in the bronchioles, we employed a panel of 39 lectins grouped according to their reported specificities (Ebles 1 and 2). Lung sections were prepared to preserve carbohydrate-binding sites and anatomic definition. Lectin binding to the peripheral airway was compared to adjacent alveoli. Biotinylated lectins were used in all histochemical procedures and glycoprotein blotting. Monosaccharide inhibition controls wre used to demonstrate carbohydrate-binding specificity when possible (data not shown). Histological suuctures staining positively with biotinylated lectins and detected with the avidin-linked enzyme system exhibited a dark brown color.
Lectin Histochemistry of the Peripheral Airway
Positive staining ofthe peripheral airways (both bronchial and bronchiolar epithelium) was obtained with 22 of the 39 lectins tested.
These lectins represented three of the lectin specificity groups:
N-acetylgalactosamine/galactose group (BPL, DBA, ECA, EEL, glucose/mannose group (GNL), N-acetylglucosamine group (DSA, GSA-2, LEA, STA, UEA-2, WGA), and ACL. No peripheral airways were positively stained by lectins of the L-fucose group. Four lectins stained the airway epithelium with minimal or negative staining of adjacent alveolar wall components: GSA-2. HAA, PTA, and TKA (Eble 3). Labeling by the lectins resulted in strong cytoplasmic staining and distinct accentuation at the surface membranes of the epithelial cells (see Figure 1A ). The labeling was uniform within the airways and was consistently present in the airways examined.
Lectin staining of alveolar wall components was demonstrated for 14 lectins representing three of the specificity groups: N-acetylgalactosamine/galactose group (BPL, GSA-1, HPA, PHA-E, PNA, RCA-1, SNL, WFL), glucoselmannose group (LCA, PSA), N-acetylglucosamine group (LEA, UEA-2, WGA), and ACL. Precise distinction of staining among epithelial, interstitial, and endothelial components could not be resolved in the cryostat sections analyzed by light microscopy; therefore, the term "alveolar wall" is used. Ten of the 14 lectins also stained bronchial and bronchiolar epithelium. Four of the lectins exhibited positive alveolar wall staining with minimal or negatim peripheral airway staining (PHA-E, PNA, PSA, and Wn) (Eble 4). The staining of the alveolar walls representing these four lectins is illustrated with the lectin PNA ( Figure 1B) .
GSA-1, HAA, HPA, MAL-1, RCA-1, SBA, SNL, TKA, WA, WGL),
Lectin Binding Afer Western Transfer
To further define the airway glycoconjugates visualized by lectin histochemistry, we uansferred electrophoretically separated peripheral lung lysates to a PVDF immobilizing matrix. The transferred Table 3 glycoconjugates were detected with biotinylated lectins and an avidin-linked alkaline phosphatase enzyme system. When compared with the entire lectin panel, the lectins that selectively bound the bronchiolar epithelium demonstrated a distinctive banding profile. The airway epithelium-binding lectins revealed common pat-In contrast, the control lectins blotted many bands or diffuse high molecular weight bands (Figure 3 ). An unexpected finding was the absence of PNA binding with concentrations as high as 15 pglml.
. Peripheral airtuay-specz$c lectins
terns of multiple discrete low molecular weight bands (Figure 2 ).
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Discussion
In this study we examined the pattern of glyCOCOnjUgate expres- lung. Four lectins were identified that showed selective binding to small airway epithelium: GSA-2. HAA. PTA, and TKA. The patterns of glycoconjugate expression were extended to a molecular profile of the carbohydrate expression in lung cell lysates using lectin Western blotting. The four lectins revealed a distinctive low molecular weight banding pattern. The results of lectin histochemistry and blotting are taken to support the expression of tissue-specific membrane glycoconjugates. In the respiratory tract, glycoconjugates play a central role in mucociliary clearance and host defense (49-51). The ubiquity of glycoconjugates in the lung, however, poses several methodologic problems in the definition of tissue-specific glycoconjugate expression. In the present study, the selective expression of glycoconjugates in small conducting airways was defined using a large panel of lectins and carefully titrated lectin histochemistry. Furthermore. lectins provided a specific and high-affinity probe for glycoconjugate expression in the lung (7) . By virtue of their anatomic specificity, lectins were used to distinguish airway epithelial cells from airway mucins. The contrasting lack of labeling of neighboring alveoli provided a further control for nonspecific binding to airway carbohydrates.
The lung presents a methodologic challenge in the study of membrane molecules because of the enzyme cocktail necessary to harvest individual cells. The aggressive enzyme treatment necessary to isolate individual cells has led to the suggestion that cell surface glycoproteins could likewise be vulnerable to enzymatic digestion. In an attempt to address this concern, we have examined glycoconjugate expression in the lungs in situ. Using lectin histochemistry, we defined glycoconjugate expression on bronchial and bronchiolar epithelium. In addition, we harvested lung cell lysates and examined membrane glycoconjugate expression by lectin Western blotting. Because the isolation of cells requires enzymatic digestion, it is clear that this approach will always suffer from experimental uncertainty. We have attempted to minimize this uncertainty by identifying potentially important lectins reactive with bronchiolar epithelium in situ and correlating these glycoconjugates with lectin Western blotting. Although there is no method presently available to evaluate the membrane glycoconjugates potentially lost during tissue processing, we hope that lectins can facilitate the development of monoclonal antibody (MAb) probes. MAbs would provide an additional approach to monitor the expression of these molecules through the harvesting procedure.
Despite its potential limitations, the lectin Western blotting provided a preliminary characterization of the molecular profiles of the relevant lectins. An interesting observation was the similarity in low molecular weight banding profiles of the four lectins that selectively bound the bronchiolar epithelium. Such a profile was detected in the four airway-selective lectins GSA-2, HAA, PTA, and TKA. A limitation of lectin Western blotting is the possibility that these bands represent tissue-specific glycoconjugates expressed on intracellular moieties. Although such a possibility cannot be excluded, the consistent correlation of the selective histochemical binding of lectin for the airway and the unique banding profile visualized by lectin Western blotting appears to indicate that at least some of these bands represent lectin binding to cell membrane glycoconjugates.
Previous attempts to generate MAbs specific for bronchial epithelium have not been very successful . The findings obtained in this study suggest that lectins can identify tissue-specific glycoconjugates. In addition to providing an efficient method for the isolation of candidate molecules for immunization and screening, the lectin binding is not limited in terms of species-restricted (or "conserved") immunologic recognition. Furthermore, the glycoconjugate specificities of the lectins are unlikely to interfere sterically with available protein epitopes in the membrane molecule. Therefore, lectins not only facilitate the isolation and screening of relevant molecules but may facilitate immunologic recognition in MAb production.
In summary, the lectin histochemical staining patterns and Western blotting profiles indicated the selective expression of membrane glycoconjugates on bronchiolar epithelium. Future investigations will address the potential functional role of these membrane glycoconjugates in tissue-specific inflammatory reactions. 
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